Exercise sessions as short as 10 min can produce PEH. 2, 4, 5 This may have important clinical application for exercise prescription, especially for individuals with time constraints that preclude engaging in traditional, longer exercise sessions (for example, 30-40 min). In addition, fractionized exercise may provide a means to capitalize on the benefits of an acute bout of exercise, even if relatively short (for example, p10 min), multiple times per day. 6 Park et al. 4 reported that in prehypertensive adults, four 10-min exercise sessions performed at 1 h intervals, starting at 0930 hours, induced similar PEH as compared with a single 40-min exercise session, but that the duration of the PEH was 3-4 h longer after the four 10-min sessions. Park et al. 5 also recently reported that PEH for systolic BP (SBP) occurred only after the third 10-min exercise session. In a different design, Jones et al. 7 reported that intermittent exercise (three 10-min sessions) produced a greater PEH than did continuous exercise (one 30-min session), but in this study, there were only 10 min of rest between each exercise session.
It is not known whether spreading the 10-min exercise sessions over the course of the day would elicit PEH that could be detected throughout the day. We examined the effects of three 10-min sessions of aerobic exercise compared with a single, continuous 30-min session of aerobic exercise on BP throughout the day. We hypothesized that BP would be lower during the day in which subjects performed three 10-min exercise sessions, 4 h apart, compared with the day in which subjects performed a single continuous session of exercise; and that both exercise protocols would result in lower BP compared with a control, non-exercise day.
Twenty ; SBP, 121 ± 10 mm Hg; diastolic BP, 74 ± 10 mm Hg) participated after providing voluntary written informed consent as approved by the University of Virginia Human Investigation Committee IRB. Data presented herein are part of a study with the primary focus on effects of fractionized and continuous exercise on growth hormone secretion. 8 Each subject underwent a medical history and physical examination, and none had a history of endocrine/metabolic dysfunction, smoking, alcohol abuse, and were not taking any systemic medications. Subjects refrained from exercise for 24 h before each evaluation.
VO 2peak and lactate threshold were assessed on a cycle ergometer as described earlier. 8 The initial power output was set at 60 W, with 15-W increments in power every 3 min until volitional fatigue. VO 2peak was taken as the highest VO 2 attained, and lactate threshold was defined as the highest power output before the curvilinear increase in blood lactate concentration. 8 Each subject was subsequently admitted to the General Clinical Research Center at 1700 hours on three randomized occasions: two with and one without (control) exercise. Women were scheduled in the early follicular phase of the menstrual cycle.
Standardized meals (Kcal based on measured basal metabolic rate þ an activity factor, 55% carbohydrate, 15% protein, 30% fat) were consumed at 1700 and 2000 hours on the night of admission and on the following day at 1000, 1400, and 1800 hours. Exercise admissions consisted of one 30-min (1 Â 30-min) or three 10-min (3 Â 10-min) sessions of cycle ergometer exercise with the power output set midway between VO 2 at lactate threshold and VO 2peak . This work rate elicited exercise VO 2 between 60 and 70% VO 2peak .
BPs were taken hourly from 0900 to 2100 hours. For the 1 Â 30-min condition, subjects exercised from 0900 to 0930 hours. For the 3 Â 10-min exercise condition, exercise was initiated at 0920, 1320, and 1720 hours. Thereafter, subjects resumed bed rest. The same procedure, without exercise, was followed during the non-exercise, control day. Hourly BP measurements were performed with an automated cuff, while the subject rested quietly in either a seated or semi-recumbent position in bed. BP was measured by General Clinical Research Center nurses blinded to the experimental treatment condition, as per established guidelines. 9 BP data were collapsed into three 4-h time periods (1000 through 1300 hours; 41300 through 1700 hours; 41700 through 2100 hours) and analysed through hierarchical linear-mixed-effects ANOVA models after adjustment for baseline (0900 hours) BP. Priori-defined research hypotheses were tested through linear contrasts of the ANOVA leastsquared means.
SBP was consistently lower during the 3 Â 10-min condition in the afternoon and early evening time periods (Figure 1 ). Compared with both control and 1 Â 30-min exercise conditions, SBP was lower during the 41300 through 1700 hours period (P ¼ 0.013 vs control; P ¼ 0.004 vs 1 Â 30 min) and during the 41700 through 2100 hours period (P ¼ 0.020 vs control and P ¼ 0.018 vs 1 Â 30 min) (Figure 1b) .
The finding that fractionized exercise was superior to a traditional continuous session of exercise for lowering SBP in afternoon and early evening hours is in agreement with Park et al. 4 who observed a more prolonged reduction in BP after fractionized exercise compared with a single continuous exercise session in prehypertensives. Our results extend these findings to normotensives and suggest that BP reductions can be achieved by evenly distributing 10-min exercise sessions throughout the day as compared with multiple 10-min exercise sessions primarily in the morning. 4 In addition, because we measured BP hourly, and not acutely after exercise, we may have underestimated the total PEH effect of the fractionized exercise condition, particularly after the last two 3 Â 10-min exercise sessions. 2 The lack of a BP reduction after the 1 Â 30-min exercise session could be due to inconsistent PEH responses in normotensives or to exercise timing. 2, 10, 11 Although PEH has been observed in normotensives immediately after exercise, 2 lower BP throughout the day after a morning exercise session was observed in hypertensives, but not in normotensives. 10 In fact, preexercise resting BP is a significant predictor of PEH. 2 In addition, exercise in the afternoon has a more potent PEH effect than exercise in the morning. 7, 11 In the studies by Jones et al. 7, 11 PEH was assessed for only 20 min after exercise. Nevertheless, our results may be in part due to the timing of exercise.
PEH is thought to be mediated by a reduction in total peripheral resistance, 1 which is reduced after afternoon exercise, but not morning exercise. 11 In addition, Jones et al. 12 reported a greater postexercise arterial luminal shear rate and blood velocity after morning vs afternoon exercise, which was associated with differences in PEH. 11 This may explain why we observed reduced SBP only after the second and third 10-min exercise sessions (Figure 1 ). Body posture during BP measurements was not rigorously controlled, although subjects were always either seated or semi-recumbent in a hospital bed during BP measurements. The effect of posture on BP, however, is relatively modest, with B0-6 mm Hg higher SBP and diastolic BP being reported for the supine position as compared with sitting upright. 13 These differences are smaller than the afternoon SBP reductions observed in our fractionized exercise group (B6-8 mm Hg; Figure 1 ). Our results need to be extended to natural settings with ambulatory BP monitoring.
A meta-analysis of one million adults participating in 61 observational studies revealed that BP was a strong predictor of vascular and total mortality without evidence of a threshold down to an SBP of 115 mm Hg.
14 Thus, for men and women with SBP similar to the average SBP measured in our subjects (B121-125 mm Hg), the present finding of a B6-8 mm Hg lower SBP throughout the afternoon and early evening hours during the 3 Â 10-min exercise day may be clinically relevant. Even if the average SBP reduction was just 5 mm Hg, if achieved daily, it could potentially reduce stroke incidence by 14%, cardiovascular mortality by B9%, and overall mortality by 7%. 15 In conclusion, during the fractionized exercise condition, we observed reductions in SBP throughout the afternoon and early evening hours, whereas no such effect on SBP was observed during the day in which a single session of exercise of equal intensity and total energy expenditure was performed in the morning. The results of this study suggest that exercise bouts lasting 10 min performed at least three times a day could have salutary effects on SBP even in normotensive individuals.
